Background--Pulmonary hypertension (PH) is a rare but fatal condition. Large-scale studies to examine the prognostic factors are lacking. In the present study, we aimed to investigate the factors associated with overall mortality in PH patients.
survival remains controversial. Chakinala and colleagues reported that compared with congenital and idiopathic PH, systemic sclerosis and human immunodeficiency virus-induced PH led to worse survival. 10 However, comprehensive and large-scale studies on the outcomes of different etiologies of PH are lacking. Therefore, we conducted this nationwide study to investigate the risk factors associated with mortality in a cohort of patients with PH.
Methods Data Source
Taiwan launched a single-payer National Health Insurance (NHI) program on March 1, 1995. The NHI database provides data for nearly all the residents in Taiwan (coverage rate over 98% in 2009), making it one of world's largest and most complete population-based data sets. The data used in this study came from the Longitudinal Health Insurance Database 2000, a subset of the NHI database containing all claims data from 1996 to 2011 for 1 million beneficiaries randomly selected in 2000. There were no significant differences in age, sex, and healthcare costs between the sample group and all enrollees at that time. The Longitudinal Health Insurance Database 2000 provides encrypted patient identification numbers, sex, date of birth, dates of admission and discharge, the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes of diagnoses and procedures, details of prescriptions, registry in the Catastrophic Illness Patient Database, and costs covered and paid for by the NHI. The National Health Insurance Research Database has been described in detail in previous studies. 11, 12 The accuracy of diagnosis of major diseases in the National Health Insurance Research Database, such as stroke and acute coronary syndrome, has been validated. 13 This study was exempt from full review by the Institutional Review Board of Chi-Mei Hospital (TCHIRB-1030603-W) because the data set comprised de-identified secondary data.
Study Design
This nationwide, population-based, observational, retrospective cohort study was conducted to determine the association between PH and subsequent mortality. Two cohorts were enrolled in this study. The PH cohort, extracted from the entire original NHI database, consisted of patients with a firsttime discharge diagnosis of PH (ICD-9-CM codes 416.0 and 416.8) from January 1999 to December 2011. These codes were considered to be reliable for a diagnosis of PH on the basis of the clinical symptoms and a pulmonary artery pressure above 25 mm Hg. The control cohort (n=8736; 8 control patients for every PH patient) consisted of randomly selected patients who were not diagnosed with PH. The controls were matched using propensity score matching by age, sex, and chronic cardiovascular risk factors. We used propensity score matching to reduce selection bias because it can group many confounding covariates that may be present in an observational study. Propensity scores were computed by modeling a logistic regression model with the dependent variable as the odds of diagnosis of PH and the independent variables at baseline covariates (ie, age and sex) and selected comorbidities (Hypertension, Diabetes, Hyperlipidemia, and coronary artery disease [CAD] in our study). Thereafter, a Statistical Analysis System (SAS) matching macro "%OneTo-ManyMTCH" proposed in the proceedings of the 29th SAS Users Group International was used in this study to match the propensity score. 14 It allows propensity score matching from 1-to-1 to 1-to-N based on specification from the user. The macro makes "best" matches first and "next best" matches next in a hierarchical sequence until no more matches can be made. Each control subject is selected at the most once. The index date for each PH patient was the date of the initial diagnosis, and the date of the PH patient's index date was used to determine the index date of each matched control subject. Age was classified into 3 categories: <50, 50 to 64, and ≥60 years. Concomitant chronic diseases included hypertension (ICD-9-CM codes 401-405, A260, A269, 4372), diabetes mellitus (ICD-9-CM codes 250, A181, A189, A229, A239, 3572, 3620), hyperlipidemia (ICD-9-CM code 272), and coronary artery disease (CAD; ICD-9-CM codes 410-414). In addition, we categorized patients according to the etiology contributing to PH, including CTDs (ICD-9-CM codes 701. 1 .82, 747.1), pulmonary embolism (ICD-9-CM code 415.1), idiopathic pulmonary hypertension (ICD-9-CM code 416), and chronic obstructive pulmonary disease (COPD; ICD-9-CM codes 490-496). To ensure that the selected cases had a primary episode of PH and to avoid potential confounding introduced by repetitive occlusions, patients with PH in an ambulatory setting before January 1999 were excluded.
Outcomes
The primary outcome was mortality, and the secondary outcome was hospitalization within 30 days after the diagnosis of PH. Admissions for patients readmitted less than 1 day after discharge at the same or different hospitals were regarded as admissions for the same episode. Mortality was identified using the "in-hospital death" code at discharge. However, many Taiwanese choose to "die at home," and therefore the in-hospital death code would underestimate the true hospital mortality rate. As enrollment in the NHI program is mandatory for everyone in Taiwan, and as registration must be withdrawn within 30 days after death, the subjects who were withdrawn from the NHI program within 30 days after discharge from the last hospitalization were presumed to have died. Repeated hospitalizations were defined as hospitalizations within 30 days after a diagnosis of PH. All subjects were followed up until death, being lost to follow-up, or December 31, 2011, whichever came first.
Statistical Analysis
The Student t test was used for continuous variables and the v 2 test for categorical variables. Incidence rates were calculated as the number of outcomes divided by the total number of person-years of follow-up. The risk of mortality was compared between the PH and control groups using the incidence rate ratio (IRR), as calculated by Poisson regression analysis. Cox proportional hazard regression analysis was used to calculate the adjusted hazard ratio (HR) for mortality. Kaplan-Meier analysis was used to calculate the survival rates, and differences in survival curves were analyzed using the log-rank test. Since the pathogenesis may vary according to the etiology of PH, we examined whether the effect of PH on mortality was modified by the etiology, including autoimmune disease, CHD, pulmonary embolism, and COPD. For the secondary outcome (hospitalization within 30 days after a diagnosis of PH), multiple logistic regression was used to estimate the odds ratio among those with PH (others as the reference group). A 2-tailed P-value less than 0.05 was considered to be statistically significant. All analyses were performed with SAS software version 9.4 (SAS Institute, Cary, NC).
Validation of the Accuracy of PH Diagnosis
To validate the accuracy of the PH diagnosis, we introduced 2 methods. First, we strictly redefined the diagnosis of PH to patients who not only fulfilled ICD-9-CM codes (416.0, 416.8, and 416.9) but also received the pivotal examinations of PH, including cardiac echocardiogram or right heart catheterization. Cox proportional hazard regression analysis was also used to calculate the adjusted HR for mortality. The results will be compared with our main results to verify whether there were any significant differences between the overall PH patients and among them who received examinations for PH. Second, we reviewed the charts for all patients with an ICD- 
Results

Characteristics of the Study Population
From January 1999 to December 2011, a total of 1092 newly diagnosed PH patients were identified. We also enrolled 8736 age, sex, and chronic disease-matched patients without PH for comparison. All patients were tracked from the index date to identify which patients subsequently died. The mean age of the patients with PH was 58.95AE23.34 years, the majority were male (56.14%), and most did not have chronic diseases such as hypertension, diabetes, hyperlipidemia, or CAD. The detailed characteristics of both cohorts are provided in Table 1 . In addition, the characteristics of PH patients before matching are presented in Table 2 , while it does not show specific differences compared with the ones postmatching.
The most common etiology of PH was COPD (50.37%), followed by idiopathic PH (17.31%), CTD (16.76%), CHD (11.81%), and pulmonary embolism (3.75%). Except for the patients with an etiology of CHD and idiopathic PH, most of the patients were elderly. In contrast to the similar distribution of sex in the patients with an etiology of COPD and pulmonary embolism, the patients with an etiology of CHD, CTD, and idiopathic PH were predominantly female (63.57%, 68.85%, and 61.38%, respectively, P<0.0001) ( Table 3) . Most of these patients were free from chronic diseases.
Long-Term Risk of Mortality
In the 12-year follow-up period, the patients with PH had a higher mortality rate compared with the age-, sex-, and chronic diseases matched-control group (56.45 versus 18.51/1000 person-years, P<0.0001) ( Table 4) . Among the patients with PH, the mortality rate was higher in the older (<50 years versus ≥65 years, 92.09 versus 15.11/1000 person-years) and male patients. However, after stratifying by age and sex, the younger (<50 years) and female patients had a higher risk of mortality (Table 7) . Notably, after adjusting for age, sex, and chronic diseases, the HR of CHD increased significantly from 0.82 (95% CI: 0.48-1.39) to 4.45 (95% CI: 2.58-7.69). The main reason was that most patients with CHD-associated PH were younger (64.29% <50 years, P<0.0001) compared to those with other etiologies of PH. Thus, the age-adjusted HR failed to fairly reflect the significance of congenital heart disease on mortality. The survival rates of the patients with pulmonary embolism, COPD, and idiopathic PH at 1 and 10 years were 87.35%, 71.58%, and 57.27% versus 87.23%, 77.77%, and 68.41%, respectively (P<0.0001), which were significantly lower compared with the survival rates in the PH patients overall (Figure 2 ). In contrast, CHD-associated PH resulted in better outcomes, and the estimated survival rates at 1, 5, and 10 years were 95.3%, 91.64% and 87.09%. Notably, except for CHD-induced PH, most of the patients with other etiologies of PH died at an age above 65 years (Table 8 ). There were no significant differences between sexes in subgroup analysis. Regarding repeated hospitalization, no significant differences were observed among those with different etiologies of PH ( Table 9) .
Validation of the Accuracy of PH Diagnosis
After redefining the PH patients, there were 960 patients concomitantly receiving cardiac echocardiography and 158 patients receiving right heart catheterization (Table 10) . Compared with the corresponding controls, PH patients with cardiac echocardiography presented significantly higher risk of mortality (adjusted HR: 3.53, 95% CI: 3.1-4.01, P<0.001).
Likewise, PH patients with right heart catheterization presented 4.55-fold higher risk of mortality (95% CI: 3.06-6.77, P<0.001). The results were similar to the ICD-9-CM-defined PH patients that we initially recruited. Furthermore, from 2005 to 2014, 216 patients were reported as having PH at discharge, including 18 coded as idiopathic pulmonary arterial hypertension (416.0), 177 coded as other chronic pulmonary heart disease (416.8), and 23 coded as unspecified pulmonary heart disease (416.9) (Table 11 ). Chart reviews of the patients assigned by ICD-9-CM codes for PH revealed that only relatively small numbers of patients were incorrectly or unclearly diagnosed (n=11, 5%) and the positive predictive value was up to 94.9%. Among the various etiologies of PH, most of the patients were defined as left heart disease-induced PH (n=122, 56.5%). Taking idiopathic pulmonary arterial hypertension as an example, the specificity of the accurate diagnosis was measured as 96.7% according to ICD coding. Nevertheless, the sensitivity was relatively lower at 63.1%. Generally speaking, both of the validation methods indicated satisfactory accuracy and reliability of the PH coding in the NHI database.
Discussion
The main findings of the present study are that (1) compared with the matched cohort without PH, the mortality rate was up to 3 times higher in the patients with PH; (2) mortality was associated with male sex, older age, and concomitant comorbidities; however, a younger age and female sex were more significantly associated with mortality compared to the control group; and (3) COPD, idiopathic, and pulmonary embolism etiologies of PH contributed to a higher risk of mortality. To the best of our knowledge, this nationwide population-based study is the first to comprehensively describe the impact of PH on mortality compared with matched controls without PH. PH is a rare but serious progressive disease, 1 and most current knowledge comes from small-scale or specialized registries. 7, 15, 16 Because the characteristics of patients with PH varies, these registries cannot reflect real-world conditions. In addition, most previous studies have only included PH patients of specific ethnicity. Among them, the REVEAL registry was a multicentered, well-designed study, which focused on middle-aged white women, the majority of whom were diagnosed with idiopathic PH (46.5%), followed by CHD (11.8%) and CTD (23.9%; 13.5% scleroderma). 17 However, none of the patients had lung disease (WHO group 3) or left heart failure (WHO group 2). The authors concluded that older males with portal hypertension or connective tissue disease-induced PH had the worst prognosis. In another study focusing on African Americans, despite the similarity in age (56.1AE12.6 years) and female predominance (67.5%) of the studied population, PH was more associated with obesity, diabetes mellitus, and obstructive or restrictive spirometry patterns. 3 In addition, Pugh and colleagues reported that WHO groups 2 and 3 were most frequently diagnosed (28% and 17%, respectively) in elderly patients (>65 years) with PH. 18 Therefore, when looking at any registry, differences need to be identified between the target population, the intended population, and the population actually studied. Despite some recently released studies, only limited information is available regarding the prevalence of PH in Asia. 7, 19, 20 In our longitudinal and nationwide study, we focused on a Taiwanese population. Their mean age was 58.95AE23.34 years and the sex distribution was Previous studies have reported that elderly male PH patients are at the highest risk of mortality. 15, 16 Choudhary and colleagues reported that the prevalence of PH in African Americans above 65 years of age was 10 times that of those younger than 45 years of age. 3 The higher prevalence of PH in the elderly may be related to decreasing compliance of the pulmonary arteries with age. 15, 18 In addition, older male patients often have concomitant diseases, thereby resulting in worse outcomes. 18 Similarly, in our study mortality was associated with male sex, older age, and concomitant comorbidities. However, as we compared PH patients with sex-and age-matched controls, younger and female patients presented a higher risk of mortality. Regarding the differences in survival between sexes, emerging data suggest that estrogens may interact with local receptors to enhance potential damage on the pulmonary vascular system. 8, 21, 22 Therefore, most subtypes of PH are characterized by a greater susceptibility to disease among females, but previous studies also indicated better survival in females while this "estrogen paradox" remains a mystery. 21, 22 Also, the effect of sex hormones is not present in all kinds of PH. 22 In contrast to the similar distribution of sex in COPD and pulmonary embolisminduced PH, CHD and autoimmunity were more common in the female patients. 21, 22 In our opinion, the exact role of sex in survival from PH remains to be elucidated. Regarding our finding of higher mortality of younger PH patients, PH is frequently unrecognized in childhood because of a lack of clinical signs, while those who are diagnosed at an early stage may present fulminate symptoms resulting in worse survival compared with the age-matched normal population. Notably, with the advancement of PH therapies, long-term follow-up is crucial to investigate the changes of survival in PH patients with various characteristics.
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Among the different etiologies of PH, the survival rates varied. In previous studies, the survival rates of patients with CTD have been inferior to those of patients with idiopathic PH. 6 Zhang et al reported 1-and 3-year survival estimates of 92.1% and 75.1% in patients with idiopathic PH compared to 85.4% and 53.6% in patients with CTD-induced PH. 6 In other studies, significantly lower PH-associated mortality rates have been reported for those with pulmonary embolism and emphysema. 2 Compared with congenital and idiopathic PH, systemic sclerosis and human immunodeficiency virus-induced PH have been reported to have worse survival rates. 2 However, a comprehensive and large-scale study to investigate the outcomes with regard to different etiologies of PH is still required. In our study, the patients with COPD, idiopathic, and pulmonary embolism had a (Table 4 ). In contrast to other studies, 65.9% of our PH patients had an etiology of COPD, especially the older patients. The development of PH implies that the severity of pulmonary disease has progressed. A previous study reported that multiple sclerosis resulted in worse outcomes. 24 In this study, the PH patients with an etiology of CTD had a higher prevalence of systemic lupus erythematosus and better survival. Consistent with previous studies, we found that CHD-associated PH predicted a better prognosis, with the patients surviving for decades if managed properly. 2 The major reason may be the preservation of right ventricular function, as in CHD the right ventricle is exposed to higher pressures at the early stage, which leads to better adaptive properties. 25 In this study, the PH patients were at the highest risk of mortality within the first 6 months after the diagnosis (IRR: 11.28, 95% CI: 8.3-15.34, P<0.0001). This may be because of the underdiagnosis of PH in these patients, where most of the subtle symptoms at the early stage may be ignored until the disease exacerbates. Subsequently, after the effects of PH therapy, the risk of mortality declined (6-12 months: IRR: 4.77, 95% CI: 3.16-7.19, P<0.0001). Furthermore, in our study, the estimated overall survival of the PH patients was higher than in previous studies. At 1 and 5 years, the survival 15 This may be because of the heterogeneity of the population or the availability of medicine after the initiation of the NHI program in Taiwan. In contrast to previous studies reporting a high incidence of concomitant chronic diseases, 2,5 the incidence was lower in our study including 39.46% with hypertension, 18.04% with diabetes mellitus, 7.69% with hyperlipidemia, and 21.06% with CAD. However, these chronic diseases did have a negative impact on survivals in the patients with PH. Compared with the control group, the patients with both PH and chronic diseases had a more than 2-fold higher risk of mortality. This highlights the importance of targeting these risk factors for the prevention and therapy of PH. This study has several strengths. First, it involved an unselected nationwide population with a large number of patients with PH. By recruiting 1092 patients during the 12-year study period, this study provided adequate statistical power for the analysis of PH-related long-term outcomes. Second, we compared study subjects with matched control subjects in comparison with a general population. In addition, this study included patients with various kinds of PH, including idiopathic PH, CTDs, CHD (WHO class 1), COPD (WHO group 3), and thromboembolic-induced PH (WHO group 4), which allowed for a comprehensive investigation of the effects of various etiologies of PH.
There are several limitations to this study. First, the miscode of PH is possible. Nevertheless, to overcome the inherent limitations of observational studies based on administrative claims data, we verified the accuracy of PH diagnosis by 2 validation methods including redefining the diagnosis by cardiac echocardiogram or right heart catheterization and chart review of the specialists. Also, we conducted a matched analysis, allowing us to reduce the effects of confounding when using observational data. Second, the claims data did not include left heart or portal hypertension-induced PH, which are 2 pivotal types of PH. However, all of the patients that we recruited had PH with low wedge pressure. Third, information on medications and functional study results, such as the 6-minute walk test, were lacking. Finally, without longitudinal follow-up data of right heart pressure as measured by echocardiography or Swan-Ganz catheter, the results may not reflect the severity of disease. Repeated hospitalization and specific prescriptions of PH target therapies help differentiate the severity, but the accuracy and prevalence may be influenced by the health insurance system.
Conclusions
PH remains a fatal disease in Taiwan with a 3.3-fold higher risk of mortality. Compared with the matched controls, PHinduced mortality was associated with female sex, younger age, and the coexistence of chronic diseases. Among the different etiologies of PH, COPD and pulmonary embolism contributed most to the increased risk of mortality. These findings should alert clinicians to the importance of detecting the development of PH at an early stage and also to treat combined chronic diseases. In addition to focusing on older patients, younger female patients may also be at a high risk and require an early and appropriate diagnosis.
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